3,4-Methylenedioxymethamphetamine (MDMA, "Ecstasy") compels mammalian serotonergic neurons to release serotonin (5-HT). In this study, MDMA altered synaptic transmission presynaptically by enhancing quantal release in two model glutamatergic synapses-the neuromuscular junction (NMJ) of the crayfish opener muscle, which is enhanced by exogenous 5-HT application, and the NMJ of a larval body wall muscle in Drosophila melanogaster, which is insensitive to exogenous 5-HT application. At the crayfish NMJ, MDMA mimicked the actions of 5-HT but only at a substantially higher concentration. At the Drosophila NMJ, MDMA altered synaptic transmission but not through a 5-HT receptor.
Introduction
MDMA evokes release of serotonin (5-HT), dopamine (DA), and norepinephrine (NE) from mammalian neurons (Geyer and Callaway, 1994; Green et al., 1995; Sprague et al., 1998) . Previous studies have suggested that MDMA has direct agonist effects at 5-HT 2A and 5-HT 2C receptors (Nash et al., 1994) . MDMA-induced release of 5-HT depletes the 5-HT stores. Evidence also suggests that reversal of the 5-HT transporter may be responsible for some of the increase in synaptic 5-HT concentration (Rudnick and Wall, 1992) . The overall increase of extracellular 5-HT levels modulates the activity of 5-HT-sensitive synapses within various central circuits.
In adult mammalian models, damage to central serotonergic neurons after exposure to doses of MDMA, similar to human recreational doses per body weight causes depletion of 5-HT, and 5-HT transporters cannot be detected for months (Stone et al., 1986; Battaglia et al., 1987; Schmidt, 1987; Ricaurte et al., 1988 Ricaurte et al., , 1992 . In human studies, MDMA users have lower levels of 5-HT in the cerebrospinal fluid, while metabolites for dopamine or norepinephrine are not reduced (McCann et al., 1999) . Despite these adverse effects, MDMA may have some therapeutic value in humans, as it seems to be effective in relieving short-term, post-traumatic stress (Jansen, 1999) and reverses the effects of haloperidol-induced Parkinsonism in the rat model (Schmidt et al., 2002) . Although the actions of MDMA have been studied extensively (Holland, 2001) , no proposed mechanism of the action of MDMA completely explains the varied responses observed in the variety of mammalian preparations examined. The complex nature of the differences in acute and chronic effects of MDMA makes the mechanisms of these actions incredibly difficult to study in complex systems. For example, MDMA-induced depletion of 5-HT causes chronic up-regulation of 5-HT 2A receptors in the occipital cortex of former MDMA users (Reneman et al., 2002) . MDMA responses may also alter the regulation of the secondary cellular cascades in conjunction with receptor up-regulation, thus altering cellular processes that utilize the same pathways.
